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What is claimed is: 


1. 


An apparatus for treating gas prior to the use of the gas in a medical procedure 


involving a patient, the gas being received into the apparatus from an insufflator which 
receives gas from a gas sburce, and the gas exiting the apparatus being in flow 
commxinication with a means for delivering the gas to the interior of the patient, wherein 
the gas is pressure-and volumetric flow rate-controlled by the insufflator, the apparatus 
comprising: \ / 


a) a housing defining a chamber having an entry port and an exit port, the exit 
port adapted to be in flow conunimication with the means for dehvering and the inlet 
adapted to be in flow communication with the outlet of the insufflator; 

c) humidification means disposed within the chamber in the path of travel of 
the gas through the chamber fior humidifying the gas as it travels through the chamber; 

d) humidity sensing means disposed within the chamber for sensing the 
humidity of gas as it exits the ihamber; and 

e) monitoring means connected to the humidity sensing means for monitoring 
the humidity of the gas exiting the chamber. 



2. The apparatus of claim 1, Wherein the humidification means contains a volume of 
liquid in flow communication with the gas as it passes through the chamber. 
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3. The apparatu^ of claim 2, wherein the monitoring means detects when the 
humidification meansjrequires recharging of liquid and generates a recharge signal 
indicative thereof. 


4. The apparatus 
recharge signal to generate 
means requires recharging, 


claim 3, and further comprising alarm means responsive to the 
an alarm suitable for alerting a user that the humidification 


5. The apparatus ofjclaim 4, wherein the alarm means is an audible alarm and/or 
visual alarm. 



6. The apparatus of c 
permit recharging of the 


aim 4, and further comprising a charging port on the housing to 
hlmiidification means with liquid. 


7. The apparatus of claim 6, wherein the charging port comprises a member that 
permits the introduction of liquid into the chamber. 


8. The apparatus of claim 7, wherein the member is a resealable member. 


9. The apparatus of claim 3, wherein the monitoring means determines when the 
relative humidity of gas in thelchamber drops below a predetermined relative hiunidity 
threshold and generates the recnarge signal in response thereto. 
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10. The apparatus 3f claim 9, wherein the monitoring means determines when the 
relative humidity of g£^ drops below a critical relative humidity threshold which is lower 
than the predetermined relative hxmiidity threshold and generates a warning signal in 
response thereto 


c f claim 1, wherein the humidification means comprises at least one 
material capable of retaining a volume of liquid. 


11. The apparatus 
layer of liquid-retainin] 


1 2. The apparatus o f claim 1 1 , wherein the at least one layer of liquid-retaining 



material is pre-charged 


13. The apparatus o 


vith the volume of Uquid. 


iclaim 11, wherein the at least one layer of liquid-retaining 


material is rechargeable with Uquid. 

14. The apparatus of ^laim 1 , wherein the humidification means comprises a plurality 
of water-retaining layers. 


1 5 . The apparatus of c ^ 
chamber in the flow path 


aim 1, wherein the hxmiidity sensing means is positioned in the 
)f the gas proximate the exit port of the housing. 


16. The apparatus of claim 1, wherein the humidity sensing means is a humidity 
sensitive capacitor. 


i 
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delivering so as to be imme* 


17. The apparatus of claim 1, wherein the housing is for connection to the means for 


liately adjacent the patient. 


1 8. The apparatus of clai m 1 , and further comprising: 


heating means dispos 
temperature sensing 
temperature of the gas in the 


£ ed within the chamber for heating the gas; and 
; means disposed within the chamber for sensing the 
chamber; and 

control means connec ted to the temperature sensing means and to the heating 
means and responsive to the temperature sensing means to control electrical power to the 
heating means so as to regulate the amount of heat applied by the heating means to the gas 
within the chamber, thereby nlaintainkig the gas at a predetermined temperature. 


1 9. The apparatus of claim 1 8, wherein the control means is responsive to the 
monitoring means determining when the relative humidity of gas drops below a critical 
relative humidity threshold to terminate electrical power to the heating means. 


20. The apparatus of claim 18, wherein the heating means is disposed within the 
chamber substantially co-locatedlwith the humidification means so that the gas is 
substantially simultaneously heated and hydrated. 
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21. The apparatus of claim 18, wherein the humidity sensing means and the 
temperature sensing means jire disposed in the chamber downstream from the heating 


means. 


22. The apparatus of clai m 1 8, wherein the heating means comprises an electrical 
resistive wire. 


23. The apparatus of clai n 22, wherein the electrical resistive wire is arranged in a 
concentrically coil configuraic 


24. The apparatus of claim 
means for commxmicating 
insufflator. 



1, and further comprising filter means connected to the 
upsjtream from the housing for filtering the gas exiting the 


25. The apparatus of claim 1, and fiirther comprising an AC/DC converter connected to 
the monitoring means and suitable for connection to a standard AC power supply, and 
which generates a DC voltage suitable for powering the monitoring means. 


26. The apparatus of claim ll , and fiirther comprising a battery for supplying a DC 
voltage suitable for powering tlie monitoring means. 
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27. The apparatus of c 


aim 1, wherein the monitoring means is contained within an 


electrical housing and is c )nnected to the humidification means and to the himiidity 


ited electrical cable. ~ ^ 

aim 27, and further comprising a removable electrical connector 
the insulated electrical cable and connects to a receptacle in the 



sensing means by an insu! 

28. The apparatus of c 
that teraiinates one end o; 
electrical housing. 


29. The apparatus of daim 1, wherein the monitoring means comprises: 

an oscillator circuit connected to the hxmiidity sensing means, wherein the oscillator 
circuit generates an outpui signal with a frequency dependent on a capacitance of the 
humidity sensing means; Jind 

a microcontroller (connected to the oscillator circuit that measures a characteristic of 
the output signal of the oscillator circuit to determine a measure of the relative humidity of 
the gas exiting the chamb jr. 

30. The apparatus of claim 29, wherein the output signal generated by the oscillator 
circuit is a square wave, and wherein the microcontroller measures a width of a phase of 
the output signal to determine a measure of the relative humidity of the gas exiting the 
chamber. 
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3 1 . The apparatus of claim 


29, and further comprising: 
heating means dispose 1 within the chamber for heating the gas; and 
temperature sensing muans disposed within the chamber for sensing the 
temperature of the gas in the chamber; and 

an operational amplifi^ ;r connected to the temperature sensing means to generate as 
output a signal representing tlie temperature of the gas exiting the chamber; 

an analog-to-digital cc nverter connected to the operational amplifier to convert the 
signal output by the operational ampUfier to a digital word representing the temperature of 


the gas; 


responsive to the digital word 
power to the heating means so 


wherein the microcont "oUer is connected to the analog-to-digital converter and is 


)utput by the analog-to-digital converter to control electrical 
► as to regulate the amoimt of heat applied by the heating 
means to the gas within the ch^ber, thereby maintaining the gas at a predetermined 
temperature. 


•32. Amethod of providing, for any selected period of time, heated and humidified gas 
into a patient for a medical procedure comprising the steps of: 

a) \ directing a gas from a gas source into a chamber; 

b) humidifying the gas within the chamber with a voliune of liquid; 

c) sepsing the humidity of the gas as it exits the chamber; and 

d) moWtoring the humidity of the gas exiting the chamber. 
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33. trhe method of claim 32, wherein the step of monitoring comprises determining 
when the volume of liquid in the chamber requires replenishing based on the humidity of 
the gas in the chamber. " ^ 

34. The method of claim 33, wherein the step of monitoring comprises determining 
when the relativahumidity of the gas in the chamber drops below a predetermined relative 
humidity thresholc 

35. The method of claim 33, and further comprising the step of generating an alarm 
when it is determined tnat the volume of liquid in the chamber requires replenishing. 

36. ' The method of claun 35, and further comprising the step of recharging the chamber 
with liquid in response to the alarm. 

37. The method of claim 36, wherein the alarm is continued until it is determined that 
the chamber has been replenishi^d with Uquid based on the humidity of the gas in the 
chamber. 


38. The method of claim 32, am 
when it is determined that the humii 
relative humidity threshold. 


further comprising the step of generating an alarm 
ity of the gas in the chamber drops below a critical 
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45. An apparatus A)r conditioning gas for use in a medical procedure involving a 
patient, the gas being received into the apparatus from a gas soxirce, the apparatus 
comprising: 

a) a housing defining a chamber having an entry port and an exit port, the 
entry port adapted to be in jflow coimnunication with the gas source and the exit port 
delivering conditioned gas therefrom; 

c) humidificatian means disposed within the chamber in the path of travel of 
the gas through the chamber pr humidifying the gas as it travels through the chamber; 

d) humidity sensmg means disposed within the chamber for sensing the 
humidity of gas as it exits the cthamber; and 

e) monitoring means connpt6d) to the himiidity sensing means for monitoring 
the humidity of the gas exiting tne/hai^ery 

46. The apparatus of claim 451 wherein the humidification means contains a volimie of 
Uquid in flow commTmication witn the gas as it passes through the chamber. 


47. The apparatus of claim 45, and further comprising: 
a heating element disposed m the chamber; 

a temperature sensor dispose)^ in the chamber to sense the temperature of the gas as 
it exits the chamber; and 

a control circuit cormected to tke temperature sensor and to the heating element, 
and responsive to the temperature sensor to control electrical power to the heating element 
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so as to regulate the amount of heat applied by the heating element to the gas within the 
chamber, thereby maintkining the gas at a predetermined temperature. 

48. The apparatus off claim 45, wherein the monitoring means determines that the 
humidification means requires recharging of liquid when the humidity of the gas in the 
chamber drops below a predetermined relative humidity threshold. 


49. The apparatus of claim 45, and further comprising an alarm connected to the 
monitoring means and responsive to a recharge signal generated by the monitoring means 
to generate an alarm suitable for alerting a user that the at least one liquid-retaining layer 
requires recharging. 



50. The apparatus of claim 45, and further comprising a charging port on the housing to 
permit recharging of the humidification means with liquid. 

51. The apparatus of claim 45, wherein the humidification means is pre-charged with, a 
volume of liquid. 

52. The apparatus of cla^ 52, wherein the humidification means is rechargeable with a 
liquid. 
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